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METHOD FOR EXTENDING PREGNANCY 
BY REDUCING INTRAVENTRICULAR 
HEMORRHAGING IN PATIENTS 

EXHIBITING AT LEAST ONE SYMPTOM OF 
PREECLAMPSIA AND ECLAMPSIA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation of US. patent applica 
tion Ser. No. 12/849,651, ?led Aug. 3, 2010, which is a 
Divisional of US. patent application Ser. No. 11/317,378, 
?led Dec. 23, 2005, which is a Continuation in Part of co 
pending US. patent application Ser. No. 10/202,957, ?led 
Jul. 25, 2002, and US. patent application Ser. No. 10/292, 
338, ?led Nov. 12, 2002, and US. Provisional Patent Appli 
cation No. 60/681,693, ?led May 17, 2005, the disclosures of 
which are hereby incorporated by reference in their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable. 

APPENDIX 

Not Applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to the ?eld of medi 

cine and, more particularly, to prevention and treatment of 
diseases or conditions associated with elevated levels of 
endogenous sodium pump inhibitors, including, without 
limitation, the pregnancy-related conditions known as gesta 
tional hypertension, preeclampsia, eclampsia and intrauter 
ine growth restriction. 

2. Related Art 
Conception results from the fertilization of an egg by a 

sperm and the development of the resulting embryo into a 
fetus. In order for pregnancy to be established and the embryo 
to develop it must embed itself within the uterine wall. At 
about 12 weeks’ gestation a temporary disk-shaped organ 
forms (the placenta), enhancing the transfer of oxygen and 
nutrients to, and permitting the removal of waste products 
from, the fetus. The placenta is critical to fetal development, 
and improper placental formation is associated with preec 
lampsia and intrauterine growth restriction. 
Upon conception, the fertilized egg (embryo) undergoes 

repeated cell division and cell migration to form a blastocyst, 
a single layer of cells surrounding a central cavity. One area of 
the blastocyst wall that is three or four cells thick, known as 
the embryonic pole, becomes recognizable as the embryo and 
eventually develops into the fetus. The remaining blastocyst 
cells form a structure called the trophoblast. Pregnancy 
begins upon implantation of the blastocyst. Implantation 
occurs when the trophoblasts proliferate and invade the uter 
ine wall so that the blastocyst burrows into the central layer of 
tissue (endometrium). The trophoblasts then develop to form 
the chorion (outer membrane) and amnion (inner membrane) 
surrounding the embryo. The amniotic sac ?lls with ?uid and 
expands to envelop the embryo. The embryo continues to 
grow but is con?ned within one wall of the uterus until about 
the 12th week of gestation. At that time, the endometrium 
tissue overlying the embryo comes in such close contact with 
the tissue of the opposite uterine wall that they fuse and 
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2 
obliterate the endometrial cavity. The only cavity that remains 
in the uterus is the amniotic cavity, containing amniotic ?uid 
and the fetus. 

Placentation begins at about 10 days’ gestation, when the 
trophoblasts invade the endometrium and its blood vessels 
(spiral arterioles). As early as day 11 or 12, branch-like cell 
formations (villi) begin to form on the chorionic surface. 
Invasion of the maternal spiral arterioles causes maternal 
blood to leak into spaces between the villi, providing nour 
ishment to the developing embryo. At about 12 weeks’ ges 
tation, the placenta begins to form as a distinct, disk-shaped 
organ. The placenta is attached by the villi to the decidua 
directly overlying maternal spiral arterioles. The maternal 
spiral arterioles empty maternal blood into the intervillous 
space so that the blood circulates around and through the 
latticework of villi. Nutrients are transferred from maternal 
blood in the intervillous space, across trophoblast cells, 
through the ?brous core of the villus, and through the endot 
helial cells of the fetal capillaries to the fetal blood. Fetal 
wastes move in the opposite direction. The placenta reaches 
its ?nal development at approximately 18 to 20 weeks’ of 
pregnancy. 

It is generally known that abnormal placentation and pla 
cental vascular insuf?ciency are central features of certain 
pregnancy-related medical conditions, including, without 
limitation, preeclampsia and intrauterine growth restriction. 
Preeclampsia is a rapidly progressive condition, character 
ized by the occurrence of high blood pressure and abnormal 
levels of protein in the urine (proteinuria). Eclampsia is a 
more severe form of preeclampsia that is also characterized 
by seizures. Gestational hypertension is hypertension in preg 
nancy without proteinuria, and it may be a less severe form of 
or a precursor to preeclampsia. Preeclampsia and gestational 
hypertension may be further classi?ed as mild or severe 
depending upon the severity of the clinical symptoms. These 
hypertension-related disorders are collectively referred to 
herein as “pregnancy-induced hypertension” or “PIH.” 

Typically, clinical symptoms of PIH occur in the late sec 
ond trimester or in the third trimester of pregnancy, although 
symptoms may occur earlier in pregnancy. PIH may be super 
imposed over other forms of hypertension, such as essential 
and secondary hypertension, that exist prior to or develop 
early in pregnancy. An increased risk for PIH is associated 
with ?rst time pregnancies, when there is a large interval 
between pregnancies, pregnant women under the age of 20 or 
over the age of 35, women of black race, multi-gestational 
pregnancies, women who have conceived through in vitro 
fertilization (“IVF”), women who have had a prior pregnancy 
with PIH, women who have had a prior pregnancy conceived 
with a different partner, women with a family history of PIH 
or high blood pressure or diabetes, women who are of higher 
than normal weight or body mass index prior to pregnancy, 
undemutrition, women with a personal history of polycystic 
ovarian syndrome, insulin resistance or diabetes, hyperten 
sion, renal (kidney) disease, rheumatoid arthritis, systemic 
lupus erythematosus or other autoimmune diseases, or throm 
bophilia risk factors. The risk of recurrent PIH in subsequent 
pregnancies is approximately thirty-three percent (33%), and 
PIH is superimposed in twenty-?ve percent (25%) of preg 
nancies in which chronic hypertension is present before preg 
nancy. 

It is believed PIH occurs in ?ve percent (5%) to ten percent 
(10%) of all human pregnancies. PIH disorders are a leading 
global cause of maternal and infant illness and death. PIH 
occurs in over six million births a year and is responsible for 
15 percent of all premature births. By conservative estimates, 
these disorders are responsible for 76,000 deaths each year. 
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The risk of death for a pregnant woman with severe preec 
lampsia is 0.5%, and the risk of perinatal death for her baby is 
13%; if the condition remains untreated and eclampsia devel 
ops, the risk of maternal and fetal death increases to 5% and 
28%, respectively. Zupan J ., Perinatal Mortality in Develop 
ing Countries, New Engl J. Med. 352(20) 2047-248 (2005). 
PIH is a syndrome having maternal and fetal manifesta 

tions. The maternal condition is characterized by vasospasm, 
activation of the coagulation system, oxidative stress and 
in?ammatory-like responses, all of which have detrimental 
effects on the placenta, kidney, blood, liver, vasculature, car 
diopulmonary system and brain. NH is a systemic syndrome, 
and several of its non-hypertensive symptoms and complica 
tions may be life-threatening even with only mild increases in 
blood pressure. 

Intrauterine growth restriction or retardation (“IUGR”) 
and intrauterine fetal demise are fetal symptoms of or com 
plications associated with PIH. IUGR is the second leading 
cause of perinatal morbidity and mortality, and it occurs in 
approximately 5% of the general obstetric population. Pla 
cental insu?iciency, preeclampsia and abnormal placentation 
are generally recognized by those skilled in the art as being 
among the causes of or contributory factors in IUGR. 
Women who develop mild gestational hypertension after 

37 weeks’ gestation have pregnancy outcomes similar to 
those of pregnant women who are norrnotensive, apart from 
increased rates of induced labor and cesarean delivery. Con 
versely, women with severe gestational hypertension have 
high rates of placental abruption, preterm delivery and small 
for-gestational-age babies (the postnatal counterpart and 
likely result of IUGR) similar to those of women with severe 
preeclampsia. Twenty-?ve percent (25%) of cases of eclamp 
sia occur postpartum, usually in the ?rst 2 to 4 days after 
delivery. 

After a diagnosis of severe PIH, the baby is generally 
induced and delivered if it is near term, i.e., after 36 weeks. 
However, if PIH occurs earlier in the pregnancy, its impact is 
more profound because fetal viability is low; infant death 
occurs in approximately 87% of these cases. For pregnancies 
in which PIH occurs earlier than 24 weeks, the induction of 
labor is recommended and results in essentially 100% neo 
natal mortality. For pregnancies between 24 and 28 weeks’ 
gestation, management of PIH may be attempted to increase 
gestational age, provided that there is close monitoring for 
maternal and fetal complications. Regardless of gestational 
age of the fetus, delivery is the management method of choice 
for eclampsia. 

To date, there is no cure or effective treatment for PIH or 
IUGR. Delivery of the baby and placenta usually resolves the 
maternal symptoms of PIH within twelve (12) weeks’ post 
partum. However, if the baby is not near term then early 
delivery is generally contrary to the best interests of the baby. 
Prophylactic measures against PIH, including calcium 
supplementation, vitamin and antioxidant supplementation 
and aspirin therapy, have not proven to be successful. 

Depending upon the stage of the pregnancy and the severity 
of maternal and fetal conditions, gestational hypertension, 
preeclampsia, eclampsia, and IUGR may be managed in an 
attempt to prolong the pregnancy and advance the gestational 
age to improve the fetal outcome. If maternal symptoms 
persist after delivery, management of PIH symptoms is nec 
essary to prevent deterioration of the maternal condition or 
further development of complications. 

Traditional management of PIH includes bed rest and anti 
hypertensive and/ or anticonvulsant therapy, including, with 
out limitation, hydralazine, nifedipine, sodium nitroprusside, 
1-methyldopa (e.g., Aldomet®), atenolol, labetalol, magne 
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4 
sium sulfate and phenyloin. Management of IUGR includes 
treatment of the concomitant maternal disease (e.g., gesta 
tional hypertension or preeclampsia) and bed rest. Preterm 
delivery may be necessary to prevent intrauterine demise due 
to chronic fetal oxygen deprivation or if the maternal condi 
tion does not respond to management efforts. 

The cause(s) of PIH and IUGR remain elusive. The exten 
sive list of possible causes currently being investigated by 
those skilled in the art include (1) immunologic factors (ma 
ternal reaction to paternal antigen or circulating auto-antibod 
ies that activate angiotensin II), (2) genetic factors, (3) insulin 
resistance and increased levels of insulin, free fatty acids and 
triglycerides, (4) dietary calcium de?ciency, (5) increased 
oxidative stress, (6) prostaglandin imbalance (increased ratio 
of thromboxane to prostacyclin), and (7) circulating pro 
angiogenic factors and their inhibitors (e. g., soluble fms-like 
tyrosine kinase 1, an agonist of vascular endothelial growth 
factor and placental growth factor). Roberts J M and Gammill 
H S, Preeclampsia Recent Insights, Hypertension (December 
2005) 1243-1249; Noris M, et al., Mechanisms of Disease: 
Preeclampsia, Nature of Clinical Practice Nephrolagy 1(2): 
98-110 (December 2005); Solomon C G and Seely E W, 
PreeclampsiaiSearching for the Cause, N. Engl. J. Med. 
350(7):641-642 (2004); Davison, J M, et al., New Aspects in 
the Pathophysiology of Preeclampsia, J. Am. Soc. Nephrol. 
15:2440-48 (2004); Pridjian G and Puschett J B, Preeclamp 
sia Part 2: Experimental and Genetic Considerations, Obstet. 
Gynecol. Survey 57(9):619-634 (2002) (summarizing early 
research to determine the role of endogenous digitalis-like 
factors in preeclampsia and concluding that results are 
unclear). 

Notwithstanding the state of the art and various popular 
theories being investigated by others in the ?eld, it is theo 
rized by Applicant that certain endogenous “digoxin-like” 
factors originating from maternal, placental and/or fetal 
sources may be a cause of or a contributing factor in these 
conditions. Serum of adult patients in renal or liver failure, 
pregnant women, neonates and umbilical cord blood evi 
dence endogenous factors that cross-react with anti-digoxin 
antibodies when assayed with commercially available immu 
noassays for digoxin. Some, but not all, studies have shown 
that these endogenous factors are present at higher levels in 
women with preeclampsia than in women without preec 
lampsia. 

These endogenous factors have generally been referred to 
as endogenous “digoxin-like,” “digitalis-like,” “endoxin,” 
“endobain,” “sodium pump inhibitors” or “sodium pump 
ligands” not only because they cross-react with digoxin anti 
bodies, but because they are also known to inhibit activity of 
sodium/ potassium ATPase in vitro. Certain known exogenous 
sodium pump inhibitors belong to classes of compounds 
known as cardenolides and bufadienolides, commonly 
referred to as cardiotonic steroids or cardiac glycosides. The 
aglycone moieties of cardenolides and bufadienolides are 
also known to be sodium pump inhibitors. Pullen MA, et al., 
Characterization of the Neutralizing Activity of Digoxin 
Speci?c Fab Toward Ouabain-like Steroids, J. Pharm. and 
Exp. Therapeutics 310(10): 319-325 (2004). 

For the better part of a generation, the possible role of these 
endogenous factors in PIH and IUGR has been generally 
discounted or discredited by leading investigators in the ?eld, 
who found that there was no difference between levels of 
endogenous factors in women with and without preeclamp sia 
and who, therefore, concluded that endogenous factors are 
not predictive of and do not play a major role in preeclampsia. 
See, Gonzales, A R, et al., Digoxin-like lmmunoreactive Sub 
stance in Pregnancy,Am. J. Obstet. Gynecol. 157(3):660-664 



US 8,828,386 B2 
5 

(1987); Phelps, S J, et al., The In?uence of Gestational Age 
and Preeclampsia on the Presence and Magnitude of Serum 
Endogenous Digoxin-like Immunoreactive Substance(s), 
Am. J. Obstet. Gynecol. 158(1): 34-39 (1988). Thus, endog 
enous factors are not among the models ofPIH or IUGR being 
currently suggested or investigated by other researchers gen 
erally skilled in the art. Roberts J M and Gammill H S, 
Hypertension (December 2005) 1243-1249; Noris M, et al., 
Nature of Clinical Practice Nephrology 1(2): 98-110 (De 
cember 2005); Solomon C G and Seely E W, N. Engl. J. Med. 
350(7):641-642 (2004); Davison, J M, et al., J. Am. Soc. 
Nephrol. 15:2240-48 (2004); Redman C W, Sargent I L, Lat 
est Advances in Understanding Preeclampsia, Science 308 
(5728):1592-94 (2005); Pridjian G and Puschett J B, Obstet. 
Gynecol. Survey 57(9):619-634 (2002). 

Applicant has discovered that symptoms of PIH and IUGR 
may be due, in whole or in part, to inhibition of the sodium 
pump by endogenous factors. It is theorized by Applicant that 
a decrease in sodium pump activity, particularly in vascular 
endothelial cells, may cause an increase in intracellular 
sodium and calcium ions, promoting vasoconstriction, vasos 
pasm and the resultant hypertension found in PIH. Further 
more, in placental cells, many nutrient transport processes are 
coupled to Na+ transport and energized by the Na+ gradient. 
Thus, Applicant believes that inhibition of the sodium pump 
by these endogenous factors may also impair nutrient and 
oxygen supply to the placenta, restrict nutrient and blood ?ow 
to the developing fetus, and limit the removal of metabolic 
waste products from the fetusiall of which cause or contrib 
ute to IUGR. 

It is known that, in vitro, sodium pump inhibition by 
endogenous factors may be reversed or prevented by addition 
of antibodies to cardenolides and bufadienolides, particularly 
digoxin immune Fab. Pullen MA, et al., J. ofPharm. and Exp. 
Therapeutics 310(10): 319-325 (2004). As disclosed in the 
prior and co-pending US. application Ser. Nos. 10/202,957, 
10/292,338, and 60/681,693, Applicant has discovered that 
antibodies to cardenolides and bufadienolides are useful in 
diagnosing and/or treating the causes, symptoms and/ or com 
plications of PIH and IUGR. 

Determination of an effective antibody composition 
requires, inter alia, a determination of the body load of anti 
gen that must be neutralized by the antibody. There is no 
known available immunoassay speci?c for the endogenous 
factors that Applicant believes cause or contribute to PIH and 
IUGR. However, commercially available immunoassays 
have been developed to detect digoxin, ouabain and 
marinobufagenin. Commercially available immunoassays for 
exogenous cardiac glycosides (particularly, immunoassays 
for digoxin, oubain and marinobufagenin) that have been 
used to detect serum levels of endogenous factors in pregnant 
women with and without preeclampsia, have detected the 
following levels of endogenous factors: <0.1 to 1.5 ng/mL, 
“digoxin”; 0.54 to 0.86 nmol/L, “ouabain”; and 2.53 to 2.73 
nmol/L “marinobufagenin.” Lopatin D A, et al., Circulating 
Bufodienolide and Cardenolide Sodium Pump Inhibitors in 
Preeclampsia, J. Hypertension 17(8): 1179-1187 (1999); 
Adair C D, et al., Elevated Endoxin-Like Factor Complicat 
ing a Multifetal Second Trimester Pregnancy: Treatment with 
Digoxin-Binding Immunoglobulin, Am. J. Nephrol. 16:529 
531 (1996); Seely E W, et al., Markers of Sodium andVolume 
Homeostasis in Pregnancy-Induced Hypertension, J. Clin. 
Endocrinol. Metabol. 74(1): 150-156 (1992); Craig H R, et 
al., Binding of Endogenous Digoxin-like Immunoreactive 
Factor to Serum Proteins During Normal and Hypertensive 
Pregnancy, J. Clin. Immunoassay 14(4): 245-250 (1991); 
Goodlin R C, Antidigoxin Antibodies in Eclampsia, N. Engl. 
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6 
J. Med. 618(8): 518-519 (Feb. 25, 1988); Goodlin R C, Will 
Treatment with Digoxin Antibody Bene?t Pregnant Patients 
with Toxemia and Elevated Digoxin Like Factor?, Medical 
Hypothesis 24:107-110 (1987); Beyers A D, et al., The Pos 
sible Role of Endogenous Digitalis-like substance in the Cau 
sation of Pre-eclampsia, SA Medical Journal, 65: 883-885 
(1984); Gusdon J P, et al., A Digoxin-like Immunoreactive 
Substance in Preeclampsia,Am. J. Obstet. & Gynecol. 150:83 
(1984); Graves S W and Williams G H, An Endogenous 
Ouabain-like Factor Associated with Hypertensive Pregnant 
Women, J. Endocrinol. Metab. 59:1070 (1984). 

However, it is also known that there is variation among 
immunoassays in detecting endogenous “digoxin-like” fac 
tors. Furthermore, a number of substances such as steroids, 
lipids and bile are known to cross-react with anti-digoxin 
antibodies and may interfere with detection of endogenous 
factors in patients who have not been treated with digoxin or 
digitalis. Ghione S, et al., Endogenous Digitalis-like Activity 
in the Newborn, J. Cardio. Pharmacol. 22: S25-S28 (1993); 
McMillan G A, et al., Comparable Effects of Digibind and 
DigiFab in Thirteen Digoxin Immunoassays, Clin. Chemistry 
48(9): 1580-84 (2002); Pudek M R, et al., Seven Different 
Digoxin Immunoassay Kits Compared with Respect to Inter 
ference by a Digoxin-Like Immunoreactive Substance in 
Serum from Premature and Full Term Infants, Clin. Chem. 
29(11): 1972-1974 (1983). 

Thus, Applicant believes that immunoassays speci?c for 
exogenous cardenolides or bufadienolides, including digoxin 
immunoassays, have not accurately detected the levels of 
endogenous factors in pregnant patients. It is believed that a 
substantial portion of endogenous factors, perhaps up to 90%, 
are protein-bound and not detectable by direct measurement 
with conventional immunoassay techniques. Valdes R, 
Graves S W, Protein binding of Endogenous Digoxin-immu 
noactive Factors in Human Serum and its Variation with 
Clinical Condition, J. Clin. Endocrinol. Metabol. 60:1135 
1143 (1985). This is further evidenced because sodium pump 
inhibition by endogenous factors substantially exceeds that 
which would be expected based upon the levels of endog 
enous factors detected by conventional immunoassay. Pullen 
M A, et al., J. ofPharm. and Exp. Therapeutics 310(10): 
319-325 (2004). 
The discrepancy in immunoassay measurements of endog 

enous factors and lack of concordance with sodium pump 
inhibition suggests that there are differences between endog 
enous factors and exogenous cardenolides and bufadieno 
lides. Miyagi H, et al., Ouabain-like Na/K-ATPase Inhibitory 
Activity of a Plasma Extract in Normal Pregnancy and Preg 
nancy Induced Hypertension, Japan. J. Pharmacol. 57: 571 
581 (1991). Thus, it is theorized by Applicant that the endog 
enous factors are not digoxin, ouabain, bufalin, 
marinobufagenin or other known exogenous cardenolides 
and bufadienolides, but are one or more compounds that 
differ in biological, chemical, physical, biopharmaceutical 
and/or pharmacokinetic characteristics from exogenous car 
diac glycosides. 

Applicant has discovered that if antibodies to exogenous 
cardenolides and bufadienolides are to be useful in diagnos 
ing, preventing and/or treating PIH and IUGR, an effective 
antibody composition may not be determined solely upon 
measurements of endogenous factors resulting from immu 
noassays speci?c for exogenous cardiac glycosides, such as 
digoxin, ouabain, bufalin or marinobufagenin. 

Except as described in related US. application Ser. Nos. 
10/202,957, 10/292,338, and PCT/US2003/023235, WO 
2004/01 1028 A1 (each of which applications is incorporated 
herein by this reference), there is no known ef?cacious com 



US 8,828,386 B2 
7 

position of antibodies that bind digoxin (including any other 
exogenous cardenolide or bufadienolide that is not speci?c 
for digoxin), or method of using such antibody compositions, 
for predicting, preventing, diagnosing or treating gestational 
hypertension, preeclamp sia, eclamp sia or intrauterine growth 
restriction. 

Goodlin (1988) and Adair, et al. (1996) have investigated 
the effects of digoxin antibodies on preeclampsia in vivo. 
These investigators administered antibody compositions 
based upon measured serum digoxin concentrations, doses 
and standard dosing formulas for treating digoxin intoxica 
tion. These initial experiments failed to establish digoxin 
antibody compositions that were effective for treating the 
symptoms of preeclampsia, extending pregnancy or advanc 
ing fetal development. 

In the ?rst experiment, Goodlin intravenously adminis 
tered 10 mg total digoxin antibodies to a preeclamptic patient 
having a serum endogenous factor level of 0.3 ng/mL (as 
determined by digoxin immunoassay). The 10 mg composi 
tion was repeated once after 12 hours. Each antibody compo 
sition administered to the patient produced a precipitous, 
albeit transient, reduction in mean blood pressure. The 
patient’s bloodpressure began to rise approximately one hour 
after each antibody composition was administered. Goodlin 
did not report the reduction in mean blood pressure to be 
statistically signi?cant. Furthermore, the results cannot be 
attributed solely to administration of digoxin antibodies 
because of the concurrent intravenous administration of anti 
hypertensive drugs and albumin. Goodlin states that the 
increase in urinary output was due, in part, to concurrent 
administration of albumin. However, Goodlin did not address 
the synergistic or combined effects of the antihypertensive 
drug administration in combination with digoxin antibodies. 
Regrettably, and most signi?cantly from a scienti?c and 
medical perspective, the pregnancy was terminated prema 
turely and the fetus did not survive. Goodlin R C, New Engl. 
J. Med. 618(8): 518-519 (1988). 

In the second experiment, Adair, et al., administered a 
single composition of 29 mg total digoxin antibodies to a 
patient (twin gestation) exhibiting a serum endogenous factor 
level of 0.4 ng/mL (as determined by digoxin immunoassay). 
The composition was given as a partial bolus (5 mg) and a 
slow infusion at a rate of 1 mg/hour for 24 hours. Although 
mean arterial pres sure gradually declined until approximately 
12 hours after the treatment commenced, the reduction was 
not statistically signi?cant. Moreover, during digoxin anti 
body treatment the patient exhibited more than a two-fold 
increase in proteinuria. The worsening proteinuria led to pre 
mature termination of the pregnancy and, as in Goodlin, 
neither of the fetuses survived. Adair C D, et al., Am. J. 
Nephrology 16:529-531 (1996). Thus, neither Goodlin nor 
Adair established an antibody composition that was therapeu 
tically effective for treating preeclampsia. 

Endogenous factors may also cross-react with antibodies 
speci?c for other non-digoxin cardenolides or bufadieno 
lides, such as bufalin, ouabain or marinobufagenin. PCT US 
2004/002802, WO 2004/ 071273 A2 (republished WO 2004/ 
071273 A3) (incorporated herein by this reference), claims 
that increasing urinary levels of marinobufagenin are a diag 
nostic indicator of preeclampsia. This patent application has 
also generally suggested that antibodies to marinobufagenin 
may be used to treat preeclampsia. However, patent applica 
tion WO 2004/071723 does not teach a therapeutically effec 
tive composition or dosing administration regimen for treat 
ing preeclampsia with marinobufagenin antibody. 

To date, PIH is believed to be a condition speci?c to 
humans. Thus, there is no known naturally occurring animal 
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8 
model of PIH available for the study of gestational hyperten 
sion, preeclampsia or eclampsia. Recently, some investiga 
tors have attempted to create an animal model by administer 
ing a high salt diet to pregnant rats and suggesting that 
pregnant rats on the high salt (NaCl) diet exhibit symptoms of 
“preeclampsia.” It has been shown that an antibody to 
marinobufagenin lowers blood pressure in the pregnant rats 
on high NaCl intake. Fedorova et al., Antibody to Marinobu 
fagenin Lowers Blood Pressure in Pregnant Rats on a High 
NaCl Intake, J. Hypertension 2005: 23(4):835-842. However, 
this proposed animal model has substantial differences from 
naturally occurring preeclampsia in humans. For example, 
the manner of trophoblast invasion and placentation are sig 
ni?cantly different between rats and humans. The mild 
increase in urinary protein in the rats does not approach 
signi?cant proteinuria (>300 mg/24 hours) that evidences 
preeclampsia in humans. Furthermore, the results of the anti 
body “treatment” are suspect because the treatment was with 
whole antibody and not Fab fragments. Therefore, the result 
ing reduction in bloodpressure in rats may be due, in whole or 
in part, to an allergic or immune reaction to whole antibody 
instead of a “binding-inactivation” of the endogenous factor 
by the antibody. Another major dif?culty in designing or 
evaluating a study involving an animal model of preeclampsia 
relates to the manipulation and intervention to which the 
animal is subjected. This includes a number of factors such as 
the handling of the animals, the route of administration of any 
agent, and the methods used to measure the different vari 
ables, particularly blood pressure. Most methods for measur 
ing blood pres sure require restraining or tethering the animal 
which could lead to arti?cial elevation of blood pressure, 
especially in cases where compensatory mechanisms have 
been eliminated. The effect of stress in the animals caused by 
the required manipulation, in and of itself, has been clearly 
shown to result in changes which could mimic preeclampsia. 
Thus, this recently proposed animal model has not proven to 
be an accurate model of true preeclampsia and has not been 
generally accepted for the study of preeclampsia. 

Applicant has disclosed in related U.S. application Ser. No. 
10/202,957 that administering anti-digoxin antibodies to 
preeclamptic women mitigates or reverses the symptoms or 
complications of PIH and IUGR. It is believed that by miti 
gating or reversing the symptoms or complications of PIH, 
PIH and IUGR will be controlled, the pregnancy may be 
extended and fetal development may be advanced. Also, in 
related U.S. application Ser. No. 10/292,338 and PCT/ 
US2003/023235, WO 2004/011028 A1 it has been further 
disclosed that antibodies to digoxin may be used to control or 
regulate, inter alia, Na"/K+ ATPase, to improve maternal 
blood ?ow, nutrient exchange and metabolic waste removal 
between the maternal vasculature and the placenta and fetus, 
and to prevent or limit IUGR. 
The present invention is directed to overcoming one or 

more of the problems set forth above, including overcoming 
the lack of a pharmaceutical composition that is effective for 
preventing or treating one or more causes, symptoms or com 
plications of PIH or IUGR, that does not have adverse side 
effects, and that prolongs a PIH or IUGR pregnancy to allow 
further development of the fetus. It would be particularly 
bene?cial for pregnancy to be prolonged for a period of time 
suf?cient to administer therapeutically effective doses of cor 
tico steroids or other pharmaceutical compositions that either 
advance fetal organ development or that prevent or limit the 
adverse physical consequences in the neonate that may be 
due, in whole or in part, to premature delivery. It would also 
be bene?cial to have a pharmaceutical composition that is 
effective for treating one or more causes, symptoms or com 



US 8,828,386 B2 
9 

plications of PIH that occur or persist after delivery of the 
fetus, and particularly for treating symptoms or complica 
tions of PIH that are not managed by or responsive to tradi 
tional antihypertensive drugs or anti-convulsant or other 
agents used to manage seizures, HELLP, ocular or neurologi 
cal de?cits or disturbances, or any other symptom or compli 
cation of PIH that develops or continues postpartum. 

Because the speci?c etiologies of gestational hypertension, 
preeclampsia, eclampsia and intrauterine growth restriction 
remain elusive, the medical de?nitions or diagnostic indica 
tors of these conditions continue to be revised from time to 
time. Thus, any conventional diagnostic or prognostic 
method for assessment of the risk of or determining the pres 
ence of chronic or essential hypertension, gestational hyper 
tension, preeclampsia, eclampsia or IUGR may be used in 
connection with the invention. The inventions described 
herein are not limited in any manner by the descriptions, 
de?nitions, diagnostic or clinical indications of PIH or IUGR 
described herein, and are deemed to include all existing and 
future revisions to the medical de?nitions or diagnostic or 
prognostic indicators of gestational hypertension, preeclamp 
sia, eclampsia, any other form of hypertension exhibited dur 
ing pregnancy, and intrauterine growth restriction. 

BRIEF SUMMARY OF THE INVENTION 

Pregnant women experiencing PIH or IUGR have serum 
levels of one or more endogenous factors that are detectable 
by immunoassay for digoxinia component of digitalis that 
is only found in certain plants. The endogenous factors are 
present even though these pregnant women have not been 
poisoned or treated with digitalis. Because these endogenous 
factors are not digoxin, anti-digoxin antibody treatment for 
digoxin poisoning is not indicated for pregnant women. Fur 
thermore, even if the endogenous factors in pregnant women 
were digoxin, pregnant women do not exhibit levels that 
warrant digoxin antibody treatment. The endogenous factors 
in pregnant women, as measured by digoxin immunoassay, 
are detected in the range of 50.1 ng/mL to 1.5 ng/mL. These 
endogenous factor levels are substantially lower than the 
serum digoxin levels which are classi?ed as life-threatening 
digoxin toxicity (i.e., greater than 6 ng/mL). Thus, one of 
ordinary skill in the art would not treat pregnant women with 
digoxin antibodies to counteract these low levels of endog 
enous factors. 

However, Applicant has surprisingly discovered that 
symptoms of PIH and IUGR may be effectively treated with 
high dose digoxin antibody compositions. When presented 
herein in quotation marks, the term “digoxin” (e.g., serum 
“digoxin” concentration) means one or more endogenous 
factor(s) that are detectable by an immunoassay for digoxin. 
Digoxin antibody compositions that are effective to treat PIH 
and IUGR have digoxin binding capacity that is greater than 
the digoxin binding capacity that would be used to treat the 
serum “digoxin” concentrations observed in pregnancy if the 
endogenous factors were, in fact, digoxin and if comparable 
digoxin concentrations were deemed to be so poisonous or 
toxic as to justify digoxin antibody treatment. 

Accordingly, the present invention relates to a pharmaceu 
tical composition for preventing, limiting the effects of, 
delaying the onset of, or treating one or more of the causes, 
symptoms or complications of gestational hypertension, 
preeclampsia, eclampsia or intrauterine growth restriction. 
The invention also relates to a method of preventing, limiting 
the effects of, delaying the onset of, or treating gestational 
hypertension, preeclamp sia, eclamp sia or intrauterine growth 
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restriction by administrating to a mammal a pharmaceutical 
composition having a high dose of digoxin binding capacity. 

In one aspect of the invention, the pharmaceutical compo 
sition comprises an antibody that reacts immunologically 
with or otherwise binds digoxin or digitoxin, having an active 
ingredient comprising a level of digoxin binding capacity that 
is greater than the digoxin binding capacity that would be 
administered to neutralize digoxin or digitoxin toxicity in a 
subject having substantially the same serum digoxin concen 
tration as the serum “digoxin” concentration observed in 
pregnant women (i.e., a high dose digoxin antibody compo 
sition). 
The invention further relates to a pharmaceutical compo 

sition having a therapeutically effective amount of digoxin 
binding capacity (the active ingredient) suf?cient to treat at 
least one cause, symptom or complication of PIH or IUGR. In 
one aspect of the invention, the composition has a therapeu 
tically effective amount of the active ingredient to reduce 
systolic blood pressure, diastolic blood pressure or mean 
arterial pressure. In another aspect of the invention, the com 
position comprises a therapeutically effective amount of the 
active ingredient suf?cient to cause a decrease in proteinuria. 
The invention also relates to a composition having a thera 
peutically effective amount of the active ingredient suf?cient 
to cause an increase in urinary output, an increase in creati 
nine clearance, or a reduction in serum creatinine concentra 
tion. The invention also relates to a composition having a 
therapeutically effective amount of digoxin binding capacity 
suf?cient to cause a decrease in peripheral, cerebral or pul 
monary edema. The invention also comprises a composition 
having a therapeutically effective amount of digoxin binding 
capacity suf?cient to cause an improvement in one or more 

neurological parameters, including, without limitation, clo 
nus, hyper re?exia, central nervous system irritability, head 
ache, eclamptic seizure, ocular function (e.g., scotomata, 
double vision (diplopia), blurred vision, photophobia retinal 
detachment, amauro sis and blindness), and fetal periventricu 
lar or intraventricular hemorrhage. 
The invention also relates to a composition having a thera 

peutically effective amount of digoxin binding capacity suf 
?cient to cause an increase in blood ?ow through a vein or 
artery, preferably a middle cerebral artery ?ow (maternal or 
fetal) or an umbilical artery or umbilical vein. The invention 
also relates to a therapeutically effective digoxin antibody 
composition suf?cient to increase nutrient delivery, oxygen 
ation, metabolic waste removal or ?uid exchange between the 
maternal circulation and the placenta and/or a fetus at risk for 
developing or exhibiting intrauterine growth restriction. 
The invention also comprises a composition having a 

therapeutically effective amount of digoxin binding capacity 
suf?cient to reduce or reverse inhibition of the sodium pump, 
or increase sodium pump activity, in the cells of a mammal 
exhibiting gestational hypertension, preeclampsia, eclampsia 
or intrauterine growth restriction. 
The invention further relates to a composition comprising 

a therapeutically effective amount of digoxin binding capac 
ity suf?cient to cause a clinically bene?cial reduction in sys 
tolic or diastolic blood pressure, mean arterial pressure, crea 

tinine clearance, urinary output, serum creatinine levels, or 
proteinuria. The invention further relates to a composition 
comprising a therapeutically effective amount of digoxin 
binding capacity suf?cient to cause a statistically signi?cant 
reduction in systolic or diastolic blood pressures, mean arte 
rial pressure, serum creatinine level or proteinuria, or a sta 
tistically signi?cant improvement in urinary output or creati 
nine clearance. 
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The invention also relates to a method of preventing, lim 
iting the effects of, delaying the onset of, or treating gesta 
tional hypertension, preeclampsia, eclampsia or intrauterine 
growth restriction, including the step of administering to a 
patient at risk for developing or suffering from one or more 
symptoms of PIH or IUGR, a composition of antibody that 
reacts immunologically with or otherwise binds digoxin, the 
composition having as the active ingredient digoxin binding 
capacity greater than that which would be given to neutralize 
digoxin intoxication in a mammal having substantially the 
same serum digoxin concentration as the serum “digoxin” 
concentration ob served in pregnant women. The method may 
further include the step of administering multiple composi 
tions having different therapeutically effective amounts or 
repeated administration of a composition having the same or 
a different therapeutically effective amount of the active 
ingredient. 

These aspects are merely illustrative of the innumerable 
aspects associated with the present invention and should not 
be deemed as limiting in any manner. These and other aspects, 
features and advantages of the present invention will become 
apparent from the following detailed description when taken 
in conjunction with the drawings. Although methods and 
materials similar or equivalent to those described herein may 
be used in the practice of the present invention, suitable 
methods and materials are described below. In addition, the 
materials, methods and examples are illustrative only and not 
intended to be limiting in any manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?ow chart illustrating the steps and sequence of 
a method for treating gestational hypertension, preeclampsia, 
eclampsia or intrauterine growth restriction. 

FIG. 2 is a diagram illustrating Doppler ultrasound wave 
shifts in an umbilical artery of a normotensive patient. 

FIG. 3 is a diagram illustrating Doppler ultrasound wave 
shifts in an umbilical artery of a preeclamptic patient. 

FIG. 4a is a Doppler ultrasound chart illustrating blood 
?ow velocity through a preeclamptic patient’s umbilical 
artery before administration of a high dose digoxin antibody 
composition. 

FIG. 4b is a Doppler ultrasound chart illustrating blood 
?ow velocity through a preeclamptic patient’s umbilical 
artery after administration of a high dose digoxin antibody 
composition. 

FIG. 5a is an example of the aglycone structure of a carde 
nolide. 

FIG. 5b is an example of the aglycone structure of a bufa 
dienolide. 

DETAILED DESCRIPTION OF THE INVENTION 

I. De?nitions and Abbreviations 

The following terms as used herein shall have the de?ni 
tions set forth below. When such terms are used in the context 
as de?ned below, then such terms may be used in the abbre 
viated form set forth adjacent to such term. 

“pregnancy-induced hypertension” or “PIH” mean and 
include one or more of non-proteinuric gestational hyperten 
sion, preeclampsia and eclampsia, and include such condi 
tions when occurring antepartum (whether before or after 20 
weeks’ gestation) or postpartum. PIH may be superimposed 
over other forms of hypertension, such as chronic or essential 
or secondary hypertension. Accordingly, for purposes of the 
invention PIH includes any form of hypertension when 
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present during pregnancy. When PIH is superimposed over 
existing forms of hypertension the prognoses for mother and 
fetus are much worse than either condition alone. Superim 
posed PIH is the likely diagnosis (1) where new onset pro 
teinuria occurs when non-proteinuric hypertension is present 
early in pregnancy (before 20 weeks’ gestation), and (2) in 
women with hypertension and proteinuria before 20 weeks’ 
gestation if there is thrombocytopenia (platelet count250, 
OOO/mm3 and $100,000 cells/mm3), increase of alanine or 
aspartate aminotransferase or alkaline phosphatase (together, 
“liver enzymes”) to abnormal levels, sudden increase in pro 
teinuria, or sudden increase in blood pressure where hyper 
tension has previously been well controlled. Furthermore, 
any pregnant woman whose blood pressure increases by 30 
min Hg systolic or 15 mm Hg diastolic (even if it does not 
exceed 140 mm Hg systolic or 90 mm Hg diastolic) may be 
considered to have PIH. Additional symptoms and complica 
tions of NH may include: peripheral edema; exaggerated 
myocardial function, vasoconstriction and vasospasm; 
eclamptic seizures; hemolysis, elevated liver enzyme levels 
and low platelets (when occurring together, referred to as 
HELLP syndrome); hepatic rupture, elevated blood urea 
nitrogen (“BUN”) or bilirubin or lactate dehydrogenase 
(“LDH”); pulmonary edema; acute renal failure; placental 
abruption; IUGR or intrauterine fetal demise; cerebral edema 
and cerebral hemorrhage (including fetal periventricular and 
intraventricular hemorrhage); scotomata, double or blurred 
vision, amaurosis, cortical blindness, retinal detachment; and 
neurological disturbances (headache, altered consciousness 
or mental status, hyper re?exia, central nervous system irri 
tability, clonus). 

“proteinuria” means the urinary excretion of at least 0.3 gm 
protein in a 24-hour specimen, which usually correlates with 
at least 30 mg/dL (21+ on dipstick), with no evidence of 
urinary tract infection. 

“gestational hypertension” means non-proteinuric hyper 
tension during pregnancy. Gestational hypertension is gener 
ally characterized as the acute onset of hypertension in preg 
nancy or the early puerperium without proteinuria. 
Gestational hypertension usually resolves within ten (10) 
days after delivery. Currently, a diagnosis of gestational 
hypertension requires a blood pressure of at least 140 mm Hg 
systolic or 90 mm Hg diastolic measured at least two times 
and at least six hours apart, that develops after 20 weeks’ 
gestation in a previously normotensive patient. Sustained 
blood pressure measurements over 160 mm Hg systolic or 
110 mm Hg diastolic are classi?ed as severe gestational 
hypertension. 

“preeclampsia” means the occurrence of high blood pres 
sure and proteinuria during pregnancy (usually after 20 
weeks’ gestation). Preeclampsia is further characterized as 
either mild or severe. Currently, the American College of 
Obstetricians and Gynecologists (“ACOG”) de?nes mild 
preeclampsia as the occurrence in pregnant women of hyper 
tension greater that 140 mm Hg systolic or 90 mm Hg dias 
tolic and proteinuria greater than 300 mg per 24 hours. ACOG 
currently de?nes severe preeclampsia as preeclampsia with 
one or more of the following: (1) hypertension greater than 
160 mm Hg systolic or 110 mm Hg diastolic, as measured on 
two occasions at least six hours apart while on bed rest, (2) a 
proteinuria level of greater than 500 mg per 24 hour period or 
3+ or greater on two random urine samples collected at least 
4 hours apart, (3) thrombocytopenia (platelets250,000/mm3 
and 5100,000/mm3) or microangiopathic hemolysis, (4) 
elevations in alanine aminotransferase (ALT(SGPT)>72 
U/L) or aspartate aminotransferase (AST(SGOT)>72 U/L), 
lactate dehydrogenase (LDH>600 U/L) or total bilirubin 
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(>12 mg/dL), epigastric or right upper quadrant pain, (5) 
persistent headache or visual scotomata or other visual dis 

turbances, (6) intrauterine growth restriction, (7) oliguria 
(urinary output less than or equal to 500 mL per 24 hours or 
average of 525 ml/hour over a 3 hour period), serum creati 
nine level of less than 1.2 mg/dL, or (8) pulmonary edema. 
Although not speci?cally included in the ACOG de?nition, 
general swelling or peripheral edema, especially when it 
occurs by rapid onset, may also indicate preeclampsia. 
Peripheral edema may be determined on a scale of 0 to 4+, 
with 0 representing no edema, 1+ barely detectable “pitting” 
or tissue indentation, 2+ “pitting” of <5 mm, 3+ “pitting” of 
5-10 mm, and 4+ “pitting” of >10 mm. Peripheral edema is 
frequently evaluated in the leg, sacrum, hand, and face. 

“eclampsia” means mild or severe preeclampsia together 
with seizures. Eclampsia may be further characterized by 
diminished or altered neurological function, mental status, 
severe agitation, confusion and unconsciousness for a vari 
able period of time. 

“intrauterine growth restriction” or “IUGR” mean intrau 
terine growth restriction or growth retardation of a fetus. 
IUGR is currently characterized by a fetus whose estimated 
weight is below the 10th percentile for its gestational age and 
a maternal abdominal circumference below the 2.5 percentile 
for gestational age. IUGR may result in or contribute to 
intrauterine fetal demise. For purposes of the invention, to 
prevent, limit the effects of, or delay the onset of IUGR 
includes to prevent, limit the effects of, or to delay intrauter 
ine fetal demise. 

“sodium pump” or “sodium/potassium ATPase” or “Na+/ 
K+ ATPase” mean the transmembrane protein that utilizes 
energy generated from adenosine triphosphate (“ATP”) 
hydrolysis (ATPQADP+PO4) to transport sodium and potas 
sium ions across cell membranes in opposite directions 
against their chemical and electrical gradients. The sodium 
pump is the primary transporter responsible for maintaining 
the electrochemical gradient of Na+ across cell membranes 
and is important in regulating cell volume, cytoplasmic pH, 
Na+-dependent glucose and amino acid transport, and regu 
lating Ca2+ levels through the Na"/H+ and Na"/Ca2+ ion 
exchange pumps. The sodium pump is regulated by multiple 
mechanisms in response to changes in cellular requirements 
or cellular environments. 

“endogenous factors” or “EFs” mean those factors pro 
duced in a mammal that cross-react immunologically with 
antibodies to at least one cardenolide or bufadienolide. Some 
times herein, EFs are also referred to as digoxin-like sub 
stances (“DLS”), digoxin-like immunoreactive substances or 
factors (“DLIS” or “DLIF”), or endogenous digoxin-like fac 
tors (“EDLF”). 

“cardenolides (and/or) bufadienolides” or “cardiac glyco 
sides” mean cardenolides and/or bufadienolides, and agly 
cones thereof, including, without limitation, digitalis, gitoxi 
genin, digoxigenin, digoxin, digitoxigenin, digitoxin, 
dihydrodigoxin, strophanthins, convallatoxin, cymarine, ace 
tylstophanthidin, strophanthidin, ouabagenin, ouabain, dihy 
drooubain, neriifolin, proscillaridin, proscillaridinA, cinobu 
fagen, cinobufatolin, marinobufagenin, norbufalin, 
bufanolide, bufalin and similar compounds, and their respec 
tive isomers, inotropes, congeners, variants, derivatives, 
equivalents, precursors and metabolites, and synthetic ver 
sions of any of the foregoing. 

“therapeutically effective” means effective to treat a dis 
ease, syndrome or condition. As used herein, “treat” includes, 
without limitation, to prevent (prophylactic), reduce the 
severity of, control, limit the effects of, delay the onset of, 
alleviate or ameliorate one or more of the causes, symptoms, 
indications or complications of a disease, syndrome or con 
dition. Atherapeutically effective composition does not cause 
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any unacceptable or signi?cant adverse effect in the subject, 
including the worsening of any condition, complication or 
symptom to such an extent that the risks of the adverse effect 
outweigh the bene?ts to be derived from the treatment. A 
therapeutically effective composition may improve or stabi 
lize one or more medical parameters that, in the absence of the 
composition, might otherwise worsen or develop into a symp 
tom or complication of a disease, condition or syndrome. 

“digoxin antibody” or “digoxin antibodies” mean an anti 
body or binding fragment that reacts immunologically with or 
binds to (either speci?cally or non-speci?cally) or contains a 
binding domain for digoxin, digitoxin, digitoxigenin, digoxi 
genin, or gitoxingenin. Digoxin antibodies may be speci?c to 
and include antibodies against any cardenolide or bufadieno 
lide that has the ability to bind at least one epitope of digoxin 
or digitoxin, digitoxigenin, digoxigenin, or gitoxingenin. 
Digoxin antibodies include, without limitation, antibodies 
speci?c to digoxin, ouabain, bufalin, and marinobufagenin, or 
to a conjugate of any one of the foregoing. Digoxin antibodies 
also include calycin proteins, whether naturally occurring or 
wholly or partially synthetic or engineered, that are capable of 
binding digoxin, digitoxin, digitoxigenin, digoxigenin, or 
gitoxingenin. The calycin superfamily of proteins are char 
acterized by structural motifs formed by anti-parallel, beta 
sheets in a manner similar to the CDR region of immunoglo 
bulins. Lipocalins, fatty acid-binding proteins (“FABPs”) and 
avidins are members of the calycin superfamily of proteins. 
Calycins are relatively small secreted proteins that are 
believed to be involved in the binding and transport of hydro 
phobic molecules. The speci?city of binding is determined by 
the conformation and constituent side-chains of the pocket 
created by folding of the protein. In vitro, many lipocalins can 
bind with high af?nity to a range of hydrophobic molecules 
not normally encountered in nature. This may represent an 
inherent ability of the proteins to bind molecules having 
particular biochemical and structural properties. A calycin 
can be functionally divided into a “binding domain” and a 
“targeting domain.” The “binding domain” functions to inter 
act with ligands, while the “targeting domain” functions to 
provide speci?city in transporting the bound ligand to a 
de?ned site. Known lipocalins include: retinol-binding pro 
tein; purpurin; retinoic acid-binding protein; alpha.sub.2u 
globin; major urinary protein; bilin-binding protein; alpha 
crustacyanin; pregnancy protein 14; beta.-lactoglobin; 
neutrophil lipocalin and choroid plexus protein; odorant 
binding protein; von Ebner’s gland protein; probasin; and 
aphrodisin. Lipocalins appear to have a regulatory in?uence 
on the in?ammatory cascade and protect against excessive 
tissue damage. See, Flower D, FEBSLeZZers 35417-11 (1994); 
Flower D, J. Molec. Recognition 8:185-195 (1995); Fowler 
D, Biochem. J. 318:1-14 (1996). Calycin proteins may be 
engineered to have a prescribed ligand speci?city, as 
described in Schlehuber S and Skerra A, Biophysical Chem 
istry 96:213-228 (2002), Us. Patent Application 
20050106660 and PCT Applications WO 99/16873, W0 
00/ 75308 (each of which applications is incorporated herein). 
As described in the foregoing PCT applications, the bilin 
binding protein lipocalin has been speci?cally engineered to 
bind digoxigenin and therefore is included within the de?ni 
tion of digoxin antibody. 

“digoxin binding capacity” means the amount of digoxin 
that is capable of being bound by a given amount of digoxin 
antibody. For example, a single vial of DIGIBIND® contains 
38 mg total digoxin antibody and is capable of binding 
approximately 0.5 mg digoxin, i.e., one vial has 0.5 mg 
digoxin binding capacity. Thus, a vial having this formulation 
of DIGIBIND® has digoxin binding capacity of 0.013 mg 
digoxin or digitoxin bound per mg of antibody (0.5 mg 
digoxin+38 mg total antibody). Similarly, a vial of the current 
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formulation of DIGIFABTM has 0.0125 mg digoxin or digi 
toxin bound per mg of antibody (0.5 mg+40 mg total anti 
bod . 

“high dose” means an amount of a digoxin antibody com 
position having digoxin binding capacity that is greater than 
the digoxin binding capacity that would be used to treat the 
serum “digoxin” concentrations observed in pregnancy if the 
endogenous factors were, in fact, digoxin and if comparable 
digoxin concentrations were deemed to be poisonous or toxic 
so as to warrant treatment with digoxin antibodies. A high 
dose is an amount of digoxin antibody having digoxinbinding 
capacity that is greater than the digoxin binding capacity in a 
single application dose for neutraliZing digoxin/digitoxin 
toxicity in a subject having substantially the same serum 
digoxin/digitoxin concentration as the serum “digoxin” con 
centration observed in a pregnant woman. Preferably, when 
administered to treat a condition in which clinical symptoms 
of PIH or IUGR are present, a high dose comprises digoxin 
binding capacity of more than 0.006 mg per Kg patient 
weight; however, when administered to treat PIH or IUGR 
before manifestation of clinical symptoms (i.e., for prophy 
laxis), a high dose composition may also comprise digoxin 
binding capacity of 50.006 mg per Kg patient weight. More 
preferably, the digoxin binding capacity of a high dose 
digoxin antibody composition is between three-fold and one 
hundred-fold, and most preferably ten-fold, the digoxin bind 
ing capacity that would be used for treating digoxin/digitoxin 
intoxication in a patient having substantially the same serum 
digoxin/digitoxin concentration as the serum “digoxin” con 
centration observed in a pregnant woman. The high dose 
composition may be selected based upon either quanti?ed 
serum “digoxin” or “digitoxin” concentration (such as by 
immunoassay) or based upon the amount believed to be 
present in the subject based upon the range of serum 
“digoxin” or “digitoxin” concentrations generally known to 
be present in pregnant patients, whether or not experiencing 
one or more symptoms of PIH or IUGR, and/or based upon 
the severity of PIH or IUGR symptoms or the risk factors (in 
kind or in number) for a patient to develop PIH or IUGR. 

“antibody” or “antibodies” mean an immunoglobulin or 
any polypeptide or protein, whether natural or partly or 
wholly synthetically engineered or produced, having a bind 
ing domain which is, or is substantially homologous to, a 
binding domain for an antigen or an epitope of an antigen. 
Examples of antibodies are the immunoglobulin isotypes and 
their isotypic subclasses; antigen binding fragments; and dia 
bodies (as de?ned below). The term also includes derivatives, 
functional equivalents and homologies of antibodies, includ 
ing any polypeptide comprising a binding domain, whether 
natural or wholly or partially synthetic, polyclonal, mono 
clonal, humanized, chimeric or fully human. Various methods 
of producing such antibodies are described in US. Pat. No. 
5,225,539, US. Pat. No. 5,693,761, US. Pat. No. 5,869,619, 
US. Pat. No. 5,821,337, US. Pat. No. 5,859,204, US. Pat. 
No. 6,946,546, US. Pat. No. 6,939,543, US. Pat. No. 6,926, 
896, US. Pat. No. 6,924,125, US. Pat. No. 6,893,624 and 
US. Pat. No. 6,881,557, each of which patents is incorpo 
rated herein by this reference. 

“antigen binding fragments” or “binding fragments” mean 
fragments of whole antibodies and naturally occurring or 
synthetically constructed molecules that have a binding 
domain, whether speci?c or non-speci?c, for a ligand, an 
antigen or an epitope of an antigen. 

“diabodies” mean multimers of polypeptides, each 
polypeptide comprising a ?rst domain comprising a binding 
region of an immunoglobulin light chain and a second domain 
comprising a binding region of an immunoglobulin heavy 
chain, the two domains being linked (e.g. by a peptide linker) 
but unable to associate with each other to form a binding 
domain. Binding domains are formed by the association of 
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16 
the ?rst domain of one polypeptide within the multimer with 
the second domain of another polypeptide within the multi 
mer (US Patent App. 2005/0214860, incorporated herein by 
this reference). 

“binding domain” means the part of an antibody or of any 
other naturally occurring or synthetically engineered or con 
structed molecule, including, without limitation, a calycin 
protein, that binds to and/or is complementary to a part of or 
all of a ligand or an antigen or an epitope of an antigen. For 
purposes of the invention, an endogenous factor is deemed to 
be a ligand or an antigen. 

“complementarity determining region” or “CDR” mean 
one or more of the three hypervariable sequences in the vari 
able regions within each of the immunoglobulin light and 
heavy chains. 
“mean arterial pressure” or “MAP” mean the pressure 

determined by either of the following formulae: 

[(2xdiastolic pressure)+systolic pressure]+3 

OR diastolic pressure+1/3(systolic pressure—diastolic 
pressure) 

“S/D ratio” means, with respect to Doppler ultrasound, the 
ratio between the Doppler frequency shift during systolic 
?ow and end diastolic ?ow in an artery or vein. 

“RI” means, with respect to Doppler ultrasound, the resis 
tance index of an artery or vein as determined by the formula 
(S—D)+S, where “S” represents the Doppler frequency shift 
during systolic ?ow and “D” represents the Doppler fre 
quency shift during end diastolic ?ow. 

“creatinine clearance” or “CrCl” mean the test comparing 
the level of creatinine in urine with the creatinine level in the 
blood, usually based on measurements of a 24-hour urine 
sample and a blood sample drawn at the end of the 24-hour 
period. Clearance is often measured as milliliters/minute 
(mL/min). Creatinine clearance is used to estimate the glom 
erular ?ltration rate (“GFR”). The GFR, in turn, is the stan 
dard by which kidney function is determined. CrCl for 
women may be determined using the formula: 

CrCl:(l40—age)><(weight)><0.85/(sCr><72) 
(“sCr”:seruIn creatinine concentration). 

“mg” means milligram or milligrams. 
“pg” or “mcg” means microgram or micrograms. 
“ng” means nanogram or nanograms 
“Kg” means kilogram or kilograms. 
“mL” means milliliter or milliliters. 
“Apgar” means the neonatal health assessment made after 

birth, preferably at the ?rst and ?fth minutes after birth, for 
each of: activity and muscle tone; pulse (heart rate); grimace 
(re?ex irritability); appearance of skin coloration; and respi 
ration (rate and effort). Each activity receives a score of 0 
(lowest), 1 or 2 (highest).A total score of 7 or above, either on 
the ?rst minute testing or as improved at the ?fth minute 
testing, is generally considered to indicate good health. 

“biophysical pro?le score” or “biophysical pro?le” or 
“BPS” mean the assessment of fetal wellness as determined 
by evaluation (biophysical pro?le procedure or “BPP”) over a 
period of thirty minutes of (1) the non-stress test (“NST”), (2) 
ultrasound measurement of amniotic ?uid volume (“AFV”), 
(3) presence/absence of fetal breathing movements, (4) gross 
body movements, and (5) tone. Each parameter receives a 
score of normal:2, abnormal:0 (for a maximum total score of 
10 points). Alternatively, a modi?ed BPP may initially evalu 
ate only NST and AFV assessments and if either is abnormal 
then a complete BPP is performed. 
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BIOPHYSICAL PROFILE SCORE - INTERPRETATION & TREATMENT 

Risk of Fetal 
Risk (%) of Death 

Result Interpretation Asphyxia* (per 1000 per Wk) Recommended Treatment 

10/10 Non—asphyxiated 0 0.565 Conservative 
8/10 normal AFV Non—asphyxiated 0 0.565 Conservative 
8/8 W/o NST Non—asphyxiated 0 0.565 Conservative 
8/10 l AFV Chronic 5—10 20—30 If237 Wk — deliver 

compensated If <37 Wk — serial testing 
asphyxia 

6/10 normal AFV Acute asphyxia 0 50 If 237 Wk — deliver 
possible If <37 Wk — repeat test W/in 

24 hr. and if<6/10 — deliver 

6/ 10 l AFV Chronic >10 >50 Factor in gestational age 
asphyxia W/ If 232 Wk — deliver 
possible acute If <32 Wk — test daily 

4/10 normal AFV Acute asphyxia 36 115 Factor in gestational age 
likely If 232 Wk — deliver 

If <32 Wk — test daily 

4/10 l AFV Chronic >36 >115 If226 Wk — deliver 
asphyxia W/ 
acute asphyxia 
likely 

2/10 normal AFV Acute asphyxia 73 220 If 226 Wk — deliver 
almost certain 

0/10 Gross severe 100 100 If226 Wk — deliver 

asphyxia 

*Umbilical venous blood pH less than 7.25 

“Clinical Global Impression” or “CGI” mean the clinical 
assessment of severity of a patient’s condition at the time of 
evaluation (“CGI-S”), and the improvement in a patient’s 
condition since a prior evaluation or initial severity screen 
(“CGI-I”). Maternal factors to assess CGI include, without 
limitation: physical examination, mental status, ECG, clini 
cal laboratory results, vital signs, patient/family member 
reports, and medical professional reports. Fetal factors to 
assess for CGI include, without limitation: heart tracing, bio 
physical pro?le, and medical professional reports. The CGI is 
designed to document overall clinical impression of the 
patient’s overall condition. The Clinical Global Impressions 
Scale described below has been modi?ed from the scale pre 
sented by Guy by limiting the potential ratings to four for the 
Severity of Illness Scale and to three for the Improvement 
Scale. The original CGI-S scale is as follows: 1. Normal, not 
ill at all; 2. Borderline ill; 3. Mildly ill; 4. Moderately ill; 5. 
Markedly ill; 6. Severely ill; 7. Among the most extremely ill 
patients. The original CGI-I is as follows: 1. Very much 
improved; 2. Much improved; 3. Minimally improved; 4. No 
change; 5. Minimally worse; 6. Much worse; and 7. Very 
much worse. See, Guy W., ECDEU Assessment Manual for 
PsychopharmacologyiRevised, Rockville, Md., US. Dept. 
Health and Human Services [Publ No ADM 76-338] (1976, 
pgs. 218-222). Although the CGI-S and CGI-I scales 
described below are preferred, for purposes of the invention 
the original Guy scales or any modi?ed form of a CGI-S 
and/or CGI-I scale may be used. 

Severity Scale (CGI—S) Improvement (or Change) Scale (CGI-I) 

1. Normal, not ill at all. 1. Improved. 
2. Mildly ill. 2. No change. 
3. Moderately ill. 3. Worse. 
4. Severely ill. 

II. Etiology of PIH and IUGR 

In the early stages of pregnancy, the placenta has a “loose” 
connection with the uterine wall. Around the fourteenth to 
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sixteenth week of normal pregnancy, the placenta develops a 
“tight” attachment to the uterine wall in order to tap more 
fully into the maternal blood supply. During this normal 
placental development, trophoblasts invade the maternal spi 
ral arterioles and completely remodel the maternal spiral 
arterioles into large capacitance vessels with low resistance, 
allowing for the exchange of larger and more complex nutri 
ents that are required for the continued development of the 
fetus at the later stages of the pregnancy. Furthermore, during 
normal differentiation, in a process known as pseudovascu 
logenesis, invasive trophoblasts alter their adhesion molecule 
expression from those characteristic of epithelial cells (inte 
grin a6/[33 and own/[35, and E-cadherein) to those of endothe 
lial cells (integrin 0&1/[3l and own/[33, platelet endothelial cell 
adhesion molecule and vascular endothelial-cadherin). In 
preeclampsia, shallow placental trophoblast invasion of the 
uterine spiral arterioles leads to reduced placental perfusion 
and placental insul?ciency. 
PIH is known to cause vasoconstriction and vasospasm, 

damaging the smooth muscle lining of the blood vessels. This 
damage to blood vessels can also lead to edema, including 
cerebral edema. Vasospasm can occur throughout the body, 
damaging the heart, kidneys, liver and brain. Vascular damage 
leads to the accumulation of platelets in the blood vessels, 
forming small clots along the blood vessel wall and further 
narrowing the blood vessel, resulting in further vasoconstric 
tion. This cascade of events exacerbates the severity of the 
maternal hypertensive condition and increases the risk for 
developing or the severity of IUGR. 
The fetus is connected by the umbilical cord to the placenta 

and receives nutrition and oxygenation from the maternal 
circulation through the placenta. Oxygenated blood travels 
from the placenta through the umbilical vein to the fetal heart, 
where it then is distributed to fetal tissues and is ?nally 
returned (along with metabolic wastes) to the placenta 
through two umbilical arteries. In PIH, hypertension, vaso 
constriction, vasospasm and exaggerated myocardial func 
tion may, individually or together, negatively impact the ?ow 
of blood to the placenta, and consequently to the fetus, such 
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that little or no blood ?ows to the placenta and fetus (i.e., there 
is insu?icient placental and fetal perfusion). 

FIG. 2 illustrates the blood ?ow velocity in the umbilical 
artery of a normal pregnancy. In FIG. 2, “A” refers to the 
blood ?ow velocity during systole, while “B” refers to the 
blood ?ow velocity in the umbilical artery during end dias 
tole. FIG. 2 illustrates that in a normal pregnancy, even during 
diastole, there is a signi?cant ?ow velocity through the 
umbilical artery. This is in contrast to the ?ow velocity in a 
preeclamptic patient, as illustrated in FIG. 3. In PIH, reduced 
fetal perfusion is evidenced by umbilical artery ?ow velocity 
“bottoming out” (being reduced or absent) during diastole, 
indicated in FIG. 3 by “C”. In the most severe circumstance, 
the direction of umbilical artery ?ow may become reversed. 
Maternal vasoconstriction results in restricted blood ?ow to 
and through the fetus and reduced ?ow (and disposal of 
metabolic wastes) from the fetus through the umbilical artery 
back to the maternal circulation. Reduced placental and fetal 
perfusion results in reduced oxygenation and ?uid exchange 
(nutrition and waste removal) and may cause or contribute to 
IUGR. 

The reduced placental perfusion makes the exchange of 
nutrients and metabolic waste removal through the placenta 
more di?icult. It is known that many nutrient transport pro 
cesses across the placenta (speci?cally across the microvillus 
membrane of syncytiotrophoblasts) are sodium-coupled and 
are dependent upon the maintenance of a low intracellular 
Na+ concentration. It is also known that sodium/potassium 
ATPase activity is reduced in the microvillus membrane of 
syncytiotrophoblasts isolated from the placentas of IUGR 
pregnancies. Applicant theorizes that inhibition of sodium/ 
potassium ATPase may cause or contribute to IUGR because 
of the reduced ability of the placenta and fetus to receive 
nutrients and dispose of metabolic wastes necessary for con 
tinued fetal growth and development. 

III. Endogenous Sodium Pump Inhibitors in PIH and 
IUGR 

A. Endogenous Factors Associated with PIH and IUGR. 
It is theorized by Applicant that the failure of the placenta 

to properly invade the uterine wall is associated with the 
release of abnormal levels of endogenous factors from pla 
cental, fetal and/or maternal sources. Endogenous sodium 
pump inhibitors are found in patients having mineralocorti 
coid hypertension (primary aldosteronism and ectopic corti 
cotrophin syndrome), essential hypertension and hyperten 
sion in plasma-volume expanded states, including 
norrnotensive pregnancy and pregnancy complicated by PIH. 
It is known that these endogenous factors inhibit Na+/K+ 
ATPase activity in vitro. Applicant has discovered that, in 
vivo, red blood cells of preeclamptic patients exhibit 
decreased sodium pump activity and that this sodium pump 
inhibition is reduced or reversed by administration of high 
dose digoxin antibody compositions to the preeclamptic 
patient. Thus, it has been discovered by Applicant that these 
endogenous factors cause or contribute to one or more symp 

toms or complications of PIH or IUGR. 
These endogenous factors have not been fully character 

ized but have been generally referred to as digitalis-like or 
digoxin-like because they have physical, chemical and bio 
logical characteristics similar to those of cardenolides and 
bufadienolides, which are known cardiotonic steroids. The 
endogenous factors have been variously described as 
“endoxin,” “endobain,” “digoxin-like,” “digitalis-like,” dihy 
drodigoxin, “endogenous ouabain,” “ouabain-like,” dihy 
rooubain, “proscillaridin A-like,” “endogenous marinobuf 
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20 
agenin,” "marinobufagenin-like,” “bufalin-like” and 
l9-norbufalin. Digitalis-like, ouabain-like, bufalin-like and 
marinobufagenin-like endogenous factors have been speci? 
cally observed in neonates, norrnotensive pregnancy and in 
PIH. 

It is believed by Applicant that these EFs may inhibit 
sodium pump activity through direct or indirect binding of 
one or more isoforrns of the sodium pump or of other mem 
brane-bound proteins that in?uence sodium pump activity, or 
through regulation of sodium pump expression, degradation 
or recycling, or through some other regulatory mechanism 
directly or indirectly affecting the sodium pump. 

B. Cardiac GlycosidesiExogenous Sodium Pump Inhibi 
tors. 

Cardiac glycosides are composed of two structural fea 
tures, the sugar (glycoside) and the non-sugar (aglycone) 
steroid moieties. The glycoside moiety may not signi?cantly 
affect sodium pump binding a?inity but may alter the biop 
harmaceutical or pharmacokinetic properties of the cardiac 
glycoside. See, Pullen, M. A., et al., J. Pharm. Exp. T hera 
peutics 310(10): 319-325 (2004). Aglycones of the general 
class of cardenolides and bufadienolides are shown, respec 
tively, in FIGS. 5a and 5b. 

Cardenolides and bufadienolides are known to speci?cally 
inhibit Na+/K+ ATPase. The sodium pump is responsible for 
establishing and maintaining the electrochemical gradient of 
sodium and potassium ions across the plasma membrane of 
mammalian cells, maintaining the intracellular cytoplasm 
high in K+ and low in Na+. The presence of a binding site for 
exogenous sodium pump inhibitors suggests that one or more 
endogenous “digoxin-like” factors may be involved in the 
regulation of sodium homeostasis, blood pressure and vol 
ume. 

C. Antibodies to Cardiac Glycosides as Therapeutic 
Agents. 

Digitalis or its constituents, digoxin and digitoxin, are the 
primary cardiotonic steroids that are used therapeutically to 
treat cardiac arrhythmias and congestive heart failure. 
Digoxin and digitoxin have a narrow therapeutic range (1.0 
l.9 nmol/L or approximately 0.8-1.5 ng/mL serum digoxin 
concentration) and overdose to these drugs is not uncommon. 
Digoxin overdose and life-threatening digoxin toxicity are 
treated through the administration of antibodies to digoxin. It 
is believed that antibodies counteract the effects of digoxin or 
digitalis because the binding domain of the antibody binds to 
the cardiac glycoside thereby preventing it from binding to or 
otherwise inhibiting or regulating the expression or function 
of Na+/ K+ ATPase. If the antibodies are speci?c to the cardiac 
glycoside they will bind it with high a?inity, favoring move 
ment of the cardiac glycoside out of tissue and allowing the 
resulting antigen/antibody complex to be eliminated from the 
body. Reversal of Nair ATPase inhibition caused by cardiac 
glycosides is believed to be due to the greater a?inity of the 
antibodies for the cardenolide or bufadienolide, than the 
a?inity of the cardenolide or bufadienolide for Na+/K+ 
ATPase. 

D. Role of Endogenous Sodium Pump Inhibitors in PIH 
and IUGR. 

Applicant has theorized that elevated levels of EFs in PIH 
and IUGR inhibit the normal functioning of, or regulate at 
least some isoforrns or subunits of, Nair ATPase, causing 
intracellular levels of sodium and calcium ions to rise. When 
normal vascular endothelial cell osmolality is altered, an 
in?ux of water may rupture the endothelial cells causing an 
in?ammatory response that further constricts the interior 
diameter of the vasculature, thereby contributing to the hyper 
tensive state. Vasoconstriction may produce exaggerated 
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myocardial function due to the increased effort required by 
the heart to pump blood through the narrowed vasculature. It 
is also possible that exaggerated myocardial function results 
from direct action of the endogenous factor(s) on cardiac 
muscle cells. Vascular responsiveness to vasoactive agents 
may also be affected by deviations from the normal balance of 
sodium, potassium and calcium ions within the vascular 
endothelia. It is believed by Applicant that this intracellular 
ion imbalance within cells of the placenta, vasculature, brain 
and/ or kidneys leads to, inter alia, intravascular volume con 
traction, vasoconstriction, vasospasm and may lead to or con 
tribute to IUGR. Furthermore, alteration in the capacity of the 
syncytiotrophoblast Nair ATPase to maintain the Na+ gradi 
ent may indirectly affect the sodium-dependent or sodium 
coupled transport systems of the placenta (such as amino acid 
and phosphate uptake), impairing nutrient and oxygen supply 
and extrusion of protons (H+) from the syncytiotrophoblasts, 
resulting in or contributing to IUGR. 

It is known that in vitro sodium pump inhibition by EFs 
may be reversed or prevented by addition of antibodies to 
cardenolides and bufadienolides, particularly anti-digoxin 
antibodies. Pullen, M. A, et al., J. Pharm. Exp. Therapeutics 
310:319-325 (2004). Applicant has discovered that in vivo 
administration of a high dose digoxin antibody composition 
also reduces or reverses sodium pump inhibition or otherwise 
increases sodium pump activity. Thus, it is believed that anti 
bodies to cardenolides and bufadienolides may be useful in 
diagnosing, preventing and/or treating PIH. 

VI. Therapeutic Antibodies in General 

Passive immunity is conferred when antibodies generated 
in one source are administered to a different source in order to 

prevent or treat a disease or an infection, or to neutralize 
toxicity. Applicant has discovered that antibodies used to treat 
cardiotonic steroid intoxication in humans are also effective 
for treating the causes or symptoms of PIH and IUGR. Appli 
cant believes that these antibodies bind to EFs such that the 
antibody-EFs complex may be removed from the body, effec 
tively treating or controlling one or more of the causes or the 
symptoms or complications of PIH and IUGR. If symptoms 
or complications or causes of PIH or IUGR may be treated or 

controlled, ultimately the pregnancy may be continued, pre 
mature delivery may be delayed or avoided, fetal develop 
ment may continue and the maternal and fetal conditions and 
outcomes may be improved. 

A. Introduction to the Immune System. 
Blood is comprised of a variety of cells, including platelets, 

red blood cells and leucocytes (monocytes, neutrophils, eosi 
nophils, mast cells, basophils) and circulating lymphocytes 
(B-cells and T-cells). Each leucocyte and lymphocyte has a 
different responsibility, but all function together for the pri 
mary objective of recognizing, attacking and destroying bac 
teria, viruses, cancer cells, and all substances seen as foreign. 

The major function of B lymphocytes is the production of 
antibodies in response to foreign substances, including bac 
teria, viruses, and tumor cells. Antibodies are specialized 
proteins that speci?cally recognize and bind to one particular 
molecule or protein. Each B lymphocyte expresses a surface 
antibody having a unique binding domain for one antigen. 
When an antigen is large, an antibody may only bind to a 
particular part of the antigen, which part is referred to as an 
epitope. Antibody binding is generally speci?c for one anti 
gen or an epitope of an antigen, and the antigen-antibody 
binding is usually of high af?nity. 

The unique binding domains of antibodies are not the result 
of exposure to the antigen, but arise through random genetic 
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rearrangements. When a B-cell encounters an antigen, the 
B-cell is activated to differentiate into a plasma cell, secreting 
different classes of antibodies (such as IgG, IgA or IgM) 
having the same binding domain. Antigen recognition and 
binding allows antibodies to initiate the complement system, 
a complex biochemical cascade of more than 35 serum pro 
tein that leads to, inter alia, opsonization and cytolysis of 
antigen presenting cells (foreign cells or macrophages/neu 
trophils that have small portions of digested antigens on the 
exterior surface of their cell membranes). 

Opsonization is a process through which bacteria, virus 
infected cells and other cells are targeted for destruction. 
Antibodies serve as “tags” (opsonins) because one end (the 
Fab) binds to an antigen on the foreign cell while the other end 
of the antibody (the Fc) binds to receptors on phagocytic cells 
(e.g., macrophages and neutrophils). The antibody-antigen 
complex signals the phagocyte to engulf and destroy the 
antigenic organism or cell. Activation of the complement 
system also causes formation of an aggregate of complement 
proteins (Membrane Attack Complex or “MA ”). MAC is 
capable of inserting itself into the cell membrane of an anti 
gen presenting cell, creating holes that allow ions, water and 
other small molecules to freely pass through the membrane 
(the MAC attack). As a result, the antigen presenting cell will 
not be able to maintain its osmolality and will quickly die or 
undergo cytolysis. 

B. Antibodies in General 
All naturally occurring whole antibodies have a common 

core structure of two identical light chains, each being about 
24 kilodaltons, and two identical heavy chains each being 
about 55-70 kilodaltons. One light chain is attached to each 
heavy chain, and the two heavy chains are attached to each 
other. Both the light and heavy chains contain a series of 
repeating homologous units, each of about 110 amino acid 
residues in length which fold independently in a common 
motif called an immunoglobulin (lg) domain. All lg domains 
contain the complementarity determining regions (“CDR”), 
which are speci?c for and bind to the antigen or epitope. 
There are between 108 and 1010 structurally different anti 
body molecules in every individual. Antibody sequence 
diversity is predominantly found in three short amino acid 
sequences within the amino terminal variable domains of the 
heavy and light chains, called the hypervariable regions, to 
distinguish them from the more conserved “framework 
regions” that ?ank each CDR within the variable regions of 
the light and heavy chains. 

Despite their overall similarity, antibody molecules can be 
divided into distinct classes and subclasses based on physio 
chemical characteristics such as size, charge and solubility, 
and on their behavior in binding to antigens. In humans, the 
classes of antibody molecules include IgA, IgD, IgE, IgG and 
IgM. Members of each class are said to be of the same isotype. 
IgA and IgG isotypes are further subdivided into subtypes 
called IgA.sub.l, IgA.sub.2 and IgG.sub.l, IgG.sub.2, 
IgG.sub.3 and IgG.sub.4. The heavy chains of all antibody 
molecules in an isotype share extensive regions of amino acid 
sequence identity, but differ from antibodies belonging to 
other isotypes or subtypes. Heavy chains are designated to the 
overall isotype of the antibody molecule, e.g., IgA contains 
“alpha”, IgD contains “delta”, IgE contains “epsilon”, IgG 
contains “gamma”, and IgM contains “mu”. IgG, IgE and IgD 
circulate as monomers. IgA circulates as a monomer, and 
molecules secreted through the epithelia into the mucosal 
lining of body cavities are homodimers. IgM molecules form 
pentamers. 
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C. Production of Antibodies. 
Animals may be inoculated with an antigen in order to 

produce antibodies speci?c for the antigen. Frequently an 
antigen is bound or conjugated to another molecule to 
enhance the immune response. As used herein, a conjugate is 
any peptide, polypeptide, protein or non-proteinaceous com 
pound bound to an antigen that is used to elicit an immune 
response. Antibodies produced in an animal in response to 
antigen inoculation comprise a variety of non-identical mol 
ecules (polyclonal antibodies) made from a variety of indi 
vidual antibody producing B lymphocytes. The epitope is the 
speci?c antigenic structure recognized by the binding 
domain. A polyclonal antibody is a mixed population of anti 
body species, each of which may recognize a different 
epitope on the same antigen. Given the correct conditions for 
polyclonal antibody production in an animal, most of the 
antibodies in the animal’s serum will recognize the collective 
epitopes on the antigenic compound to which the animal has 
been immunized. This speci?city is further enhanced by 
af?nity puri?cation to select only those antibodies that rec 
ognize the antigen or epitope of interest. 
A monoclonal antibody is a single species of antibody 

wherein every antibody molecule recognizes the same 
epitope on the antigen because all antibody producing cells 
are derived from a single B-lymphocyte cell line. Hybridoma 
technology involves the fusion of a single B lymphocyte with 
an immortal myeloma cell (usually mouse myeloma). This 
technology provides a method to propagate a single antibody 
producing cell for an inde?nite number of generations, such 
that unlimited quantities of structurally identical antibodies 
having the same antigen speci?city (monoclonal antibodies) 
may be produced. However, in therapeutic applications a goal 
of hybridoma technology is to reduce the immune reaction in 
humans that may result from administration of monoclonal 
antibodies generated by the non-human (e.g. mouse) hybri 
doma cell line. 

Methods have been developed to replace light and heavy 
chain constant domains of the monoclonal antibody with 
analogous domains of human origin, leaving the variable 
regions of the foreign antibody intact. Alternatively, “fully 
human” monoclonal antibodies are produced in mice trans 
genic for human immunoglobulin genes. Methods have also 
been developed to convert variable domains of monoclonal 
antibodies to more human form by recombinantly construct 
ing antibody variable domains having both rodent and human 
amino acid sequences. In “humanized” monoclonal antibod 
ies, only the hypervariable CDR is derived from mouse 
monoclonal antibodies, and the framework regions are 
derived from human amino acid sequences. 

It is thought that replacement of amino acid sequences in 
the antibody that are characteristic of rodents with amino acid 
sequences found in the corresponding position of human 
antibodies will reduce the likelihood of immune reaction 
during therapeutic use. A hybridoma or other cell producing 
an antibody may also be subject to genetic mutation or other 
changes, which may or may not alter the binding speci?city of 
antibodies produced by the hybridoma. 

It is possible to take monoclonal and other antibodies and 
use recombinant DNA technology to produce other antibod 
ies or chimeric molecules which retain the antigen speci?city 
of the original antibody, i.e., the molecule has a binding 
domain. Such techniques may involve introducing DNA 
encoding the immunoglobulin variable region or the CDRs of 
an antibody to the framework regions, constant regions, or 
constant regions plus framework regions, of a different anti 
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body. See, for instance, US. Pat. No. 5,091,513, and US. Pat. 
No. 6,881,557 which are incorporated herein by this refer 
ence. 

These antigen binding fragments have binding speci?city 
(binding domain) for the antigen, but lack amino acid 
sequences in the conserved framework region, so they are less 
likely to elicit an immune response in a patient. An antigen 
binding fragment preferably has a binding domain provided 
by one or more antibody variable domains and, most prefer 
ably, a binding domain of an antibody comprises an antibody 
light chain variable region (V L) and an antibody heavy chain 
variable region (VH). 

Examples of antigen binding fragments include, without 
limitation: (i) the Fab fragment, consisting ofV L, VH, CL and 
CH1 domains; (ii) the “Fd” fragment consisting of theVH and 
CH1 domains; (iii) the “Fv” fragment consisting of the VL 
and VH domains of a single antibody; (iv) the “dAb” frag 
ment, which consists of a VH domain; (v) isolated CDR 
regions; (vi) F(ab')2 fragments, a bivalent fragment compris 
ing two linked Fab fragments; (vii) single chain Fv molecules 
(“scFv”), wherein a VH domain and a VL domain are linked 
by a peptide linker which allows the two domains to associate 
to form a binding domain; (viii) bi-speci?c single chain Fv 
dimers (see US. Pat. No. 5,091,513) and (ix) “diabodies”, 
multivalent or multispeci?c fragments constructed by gene 
fusion (US 2005/0214860). Fv, scFv or diabody molecules 
may be stabilized by the incorporation of disulphide bridges 
linking the VH and VL domains. Minibodies comprising a 
scFv joined to a CH3 domain may also be made (S. Hu et al, 
Cancer Res., 56, 3055-3061, (1996)). 
By known means as described above, polyclonal or mono 

clonal antibodies (humanized, fully human or chimeric), anti 
gen binding fragments and binding domains may be created 
that are speci?c to cardenolides and bufadienolides, their 
aglycone moieties, or conjugates of any of the foregoing, 
whether such antigens are isolated from natural sources or are 
synthetic derivatives or variants of the natural compounds. 

Antibodies may be produced from any animal origin, 
including birds and mammals. Preferably, the antibodies are 
ovine, murine (e.g., mouse and rat), rabbit, goat, guinea pig, 
camel, horse, or chicken. In addition, newer technology per 
mits the development of and screening for human antibodies 
from human combinatorial antibody libraries. For example, 
bacteriophage antibody expression technology allows spe 
ci?c antibodies to be produced in the absence of animal 
immunization, as described in US. Pat. No. 6,946,546 which 
is incorporated herein by this reference. Theses techniques 
are further described in: Marks, Bio/Technology 10:779-783 
(1992); Stemmer, Nature 370:389-391 (1994); Gram et al., 
Proc. Natl. Acad. Sci., USA, 89:3576-3580 (1992); Barbas et 
al., Proc. Natl. Acad. Sci., USA, 91:3809-3813 (1994); and 
Schier et al., J. Mol. Biol. 263:551-567 (1996). 
Methods for producing polyclonal antibodies in various 

animal species as well as for producing monoclonal antibod 
ies of various types, including humanized, chimeric, and fully 
human, are well known in the art and highly predictable. In 
addition, antibodies to various cardiac glycosides, including 
digoxin, ouabain, bufalin and marinobufagenin, are commer 
cially available, and methods for producing these antibodies 
are also well known and predictable. For example, the fol 
lowing U.S. patents and patent applications provide enabling 
descriptions of such methods and are herein incorporated by 
reference: US. Patent Application Nos. 2004/0126828 and 
2002/0172677; and US. Pat. Nos. 3,817,837; 3,850,752; 
3,939,350; 3,996,345; 4,196,265; 4,275,149; 4,277,437; 
4,366,241; 4,469,797; 4,472,509; 4,606,855; 4,703,003; 
4,742,159; 4,767,720; 4,816,567; 4,867,973; 4,938,948; 
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4,946,778; 5,021,236; 5,164,296; 5,196,066; 5,223,409, 
5,403,484; 5,420,253, 5,565,332; 5,571,698; 5,627,052; 
5,656,434; 5,770,376; 5,789,208; 5,821,337; 5,844,091; 
5,858,657; 5,861,155; 5,871,907; 5,969,108; 6,054,297; 
6,165,464; 6,365,157; 6,406,867; 6,709,659; 6,709,873; 
6,753,407; 6,814,965; 6,849,259; 6,861,572; 6,875,434; and 
6,891,024. In addition, all patents, patent application publi 
cations, and other publications cited herein and therein are 
hereby incorporated by reference in the present application. 

It is fully expected that antibodies to a speci?c cardenolide 
or bufadienolide will have the ability to neutralize or coun 
teract the effects of the cardiac glycoside regardless of the 
animal species, monoclonal cell line or other source of the 
antibody. For example, although the antibody used in the 
Biological Examples of the present application was produced 
in sheep, it is expected that other animals immunized with the 
same or a similar cardenolide or bufadienolide would yield 
polyclonal antibodies effective for the purposes of the present 
invention. Certain animal species may be less preferable for 
generating therapeutic antibodies because they may cause an 
increased likelihood of allergic response due to activation of 
the complement system through the “Fc” portion of the anti 
body. However, whole antibodies may be enzymatically 
digested into “Fc” (complement binding) fragment, and into 
binding fragments having the binding domain or CDR. 
Removal of the Fc portion reduces the likelihood that the 
antigen binding fragment will illicit an undesirable immuno 
logical response, and, thus, antibodies without Fc may be 
preferential for prophylactic or therapeutic treatments. As 
described above, antibodies may also be constructed so as to 
be chimeric, partially or fully human, so as to reduce or 
eliminate the immunological consequences resulting from 
administering to an animal an antibody that has been pro 
duced in, or has sequences from, another species. 

Furthermore, it is known that antibodies to a speci?c carde 
nolide or bufadienolide will cross-react with other cardeno 
lides and bufadienolides, although in a less speci?c manner. 
Thus, it is believed that a cross-reactive antibody will have the 
ability to neutralize or counteract the effect of the non-spe 
ci?c cardiac glycoside. For example, anti-marinobufagenin 
antibody is known to have cross-reactivity (expressed as a 
percentage) to various cardiotonic steroids as follows: 
marinobufagenin (100%); ouabain (0.1%); digoxin (1.0%); 
digitoxin (3.0%); bufalin (1 .0%); proscillaridin (1 .0%). Anti 
ouabain antibody is known to have cross-reactivity to various 
cardiotonic steroids as follows: ouabain (100%); digitoxin 
(7.4%); proscillaridin (0.2%); marinobufagenin (0.5%); 
bufalin (0.03%). Anti-digoxin antibody is known to have 
cross-reactivity to various cardiotonic steroids as follows: 
digoxin (100%); ouabain (0.4%); oubagenin (0.1%); 
marinobufagenin (0.2%); bufalin (2.7%); cinobufotalin 
(4.3%); cinobufagin (0.02%). These examples of immuno 
logical cross-reactivity are not intended to limit in any man 
ner the scope of the inventions disclosed herein. 

If the non-speci?c binding results in diminished antigen 
antibody af?nity or if the cardenolide or bufadienolide has 
biopharmaceutical or pharmacokinetic characteristics that 
differ from the cardiac glycoside that is speci?c for the anti 
body, then a greater amount of antibody may be required to 
neutralize or counteract the effects of the non-speci?c carde 
nolide or bufadienolide. Nevertheless, it is fully expected and 
is known that in vitro antibodies to a speci?c cardenolide or 
bufadienolide will have the ability to counteract the sodium 
pump inhibition caused by a different cardenolide or bufadi 
enolide. One may design appropriate antibody compositions 
and dosing regimens by taking into account the level of 
sodium pump inhibition, the cross-reactivity, binding a?inity 
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26 
or avidity, biopharmaceutical and/or pharmacokinetic prop 
erties of the speci?c as compared to the non-speci?c carde 
nolide or bufadienolide. 

D. Passive ImmunityiNeutralizing Antibody Dose Deter 
mination. 

Determination of an effective antibody composition to 
neutralize intoxication by an exogenous antigen usually 
requires, inter alia, a determination of the body load of anti 
gen that must be bound or neutralized by the antibody. Factors 
that in?uence effective antibody compositions include, inter 
alia, known or suspected total body load of antigen, whether 
it has reached steady-state equilibrium, bioavailability (free 
and protein bound), biopharmaceutic and pharmacokinetics 
of the antigen (e.g. antigen a?inity for its receptor and bioac 
tivity), patient weight or volume, history and renal function. 
Generally, when an antigen reaches equilibrium within the 
body, antigen concentration (bound and unbound) in tissues 
and in extracellular ?uids is re?ected by the plasma or serum 
concentration. Total body load of the exogenous antigen gen 
erally equals the steady-state serum concentration of the anti 
gen multiplied by the apparent volume of distribution (the 
?uid volume required to contain the antigen in the body at the 
same concentration as in plasma). Thus, the antibody com 
position generally required to neutralize the total body load 
may be determined from the amount of antigen bound by a 
single unit of antibody, which is referred to herein as the 
binding capacity of the unit, multiplied by the total body load 
of the antigen. 

E. Endogenous Factors React with Antibodies to Cardiac 
Glycosides. 

Endogenous factors are known to be immunoreactive to 
antibodies against a number of exogenous cardiac glycosides. 
The body load of an exogenous antigen, which is necessary to 
determine an effective neutralizing antibody composition, 
may be determined by immunoassay for the antigen. How 
ever, there is no known commercially available antibody or 
immunoassay speci?c for endogenous “digoxin-like” factors. 
Commercially available immunoassays have been developed 
to detect digoxin, ouabain, bufalin and marinobufagenin. 
These commercially available immunoassays have been used 
to detect serum levels of “digoxin,” “ouabain,” “bufalin” or 
“marinobufagenin” in preeclamptic patients that have never 
been given or exposed to any of these exogenous cardenolides 
or bufadienolides. These levels have previously been believed 
to accurately represent the level of EFs in these patients. 

Applicant believes that immunoassays speci?c for exog 
enous cardenolides or bufadienolides, including digoxin 
immunoassays, have not accurately detected levels of EFs 
present in humans. It is known that cross-reactivity of EFs to 
cardiac glycoside antibodies does not always correlate with 
the ability of the EFs to cause sodium pump inhibition. 
Sodium pump inhibition by EFs is often greater than would be 
expected based upon serum levels of EFs (e.g., “digoxin” or 
“ouabain-like compound,” “bufalin” or “marinobufagenin”) 
detected by immunoassay. Also, it is theorized that a substan 
tial portion of EFs, perhaps up to 90%, are protein-bound and 
not detectable by direct measurement with conventional 
immunoassays. Pullen, M. A., et al., J. Pharm. Exp. T hera 
peutics 310(10): 319-325 (2004); Valdes, R. and Graves, S. 
W., Protein binding of Endogenous Digoxin-immunoactive 
Factors in Human Serum and its Variation with Clinical Con 
dition, J. Clin. Endocrinol. Melabol. 60:1135-1143 (1985). 

Furthermore, because EFs are likely to be continuously 
generated in the mammal, the total body load of EFs may not 
necessarily be determined by the manner used to determine 
total body load (steady state equilibrium) of an exogenous 
antigen. In mammals, EFs may not reach “steady state” or 
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“steady state” may be in constant ?ux. Thus, serum concen 
trations of endogenous factors detected by immunoassay for 
“digoxin”, “ouabain”, “bufalin” or “marinobufagenin” are 
not likely to accurately measure the total body load of EFs at 
a given time. Thus, it is likely that levels of endogenous 
factors detected by known immunoassays represent only a 
portion of bioactive endogenous factors present in the mater 
nal/fetal circulation. It is also possible that more than one 
form or type of endo genous factor is present in PIH and IUGR 
and that immunoassays for these exogenous cardiotonic ste 
roids have not detected certain types of EFs. 

The discrepancy in immunoassay measurements of EFs 
and the discordance between cardiac glycoside immunoac 
tivity and sodium pump inhibition suggest that endogenous 
factors are not digoxin, ouabain, bufalin or marinobufagenin, 
but one or more compounds that differ in biological, chemi 
cal, physical, biopharrnaceutical and/or pharmacokinetic 
characteristics from these exogenous cardiac glycosides. 
Miyagi, H. et al, Ouabain-like Na/K-ATPase Inhibitory 
Activity of a Plasma Extract in Normal Pregnancy and Preg 
nancy Induced Hypertension, Japan. J. Pharmacol. 57: 571 
5 8 l (l 99 l ). 

If antibodies to cardenolides and bufadienolides are to be 
useful in diagnosing or treating the causes or symptoms of 
PIH and IUGR, conventional antibody compositions to neu 
tralize cardiac glycoside intoxication (e. g., based upon mea 
surements of EFs from immunoassays for exogenous cardiac 
glycosides, including digoxin, ouabain, bufalin or marinobu 
fagenin) are not likely to be accurate or effective. Applicant 
has surprisingly discovered that digoxin antibody composi 
tions having high doses of digoxin binding capacity are effec 
tive to treat the causes, symptoms and complications of PIH 
and IUGR. 

VII. Therapeutic Antibody Treatment of 
PIH and IUGR 

It is proposed that digoxin antibodies may be given to a 
patient in a therapeutically effective amount to treat one or 
more of the causes, symptoms or complications of PIH or 
IUGR, according to the ?ow diagram of FIG. 1. Similarly, if 
prior to onset of symptoms a patient is determined to have a 
propensity for or to be at risk for developing PIH or IUGR, a 
therapeutically effective amount of digoxin antibody may be 
administered for prophylaxis. It should be emphasized, how 
ever, that the present invention is not limited to any particular 
composition, dosage or range of dosages of digoxin antibod 
ies, or antibodies from any particular source. 
A therapeutically effective digoxin antibody composition, 

when administered to a patient exhibiting symptoms or com 
plications of PIH or IUGR, will preferably provide a clini 
cally bene?cial effect, and most preferably a statistically sig 
ni?cant effect, namely the alleviation, amelioration, 
reduction or inhibition of or improvement in one or more 

symptoms or complications of PIH or IUGR, or improvement 
in the patient’s general condition. A clinically bene?cial 
effect results in a bene?cial change from baseline (i.e., before 
administration of digoxin antibody) for a speci?c medical 
parameter. Preferably, a clinical bene?cial effect results in a 
reduction in CGI-S or a positive change in CGI-I for the 
patient. Alternatively, a clinically bene?cial effect results in a 
systolic blood pressure of 140 or less, a diastolic blood pres 
sure of 90 or less, or a mean arterial pressure of 106 or less. A 
statistically signi?cant effect results in a change in a param 
eter from baseline that results in a statistical signi?cance such 
that “P” is less than or equal to 0.05, whether statistical 
signi?cance is determined with respect to changes in an indi 
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vidual patient or within a population of patients. Altema 
tively, a therapeutically effective amount is an amount suf? 
cient to stabilize a symptom of PIH or IUGR such that the 
symptom does not materially worsen. 
A therapeutically effective digoxin antibody composition 

may also provide increased placental and fetal perfusion and/ 
or increased middle cerebral artery (fetal or maternal), 
umbilical artery or umbilical venous ?ow or reduced constric 
tion. Alternatively, as shown in FIG. 4b, a therapeutically 
effective composition provides improvement in middle cere 
bral artery (fetal or maternal), umbilical artery or umbilical 
vein systolic or diastolic blood pressures or systolic/diastolic 
ratio (“S/D ratio”), or improvement in the resistance index 
(“RI”) of the middle cerebral artery (fetal or maternal), 
umbilical artery or umbilical vein. 
A therapeutically effective digoxin antibody composition 

may also increase Na+/K+ ATPase function and/or Na+/K+ 
facilitated nutrient transport in one or more cell types or 
tissues, preferably in trophoblasts, syncytiotrophoblasts, 
other placental and fetal cells, vascular endothelial cells, red 
blood cells, leucocytes, lymphocytes and renal cells. A thera 
peutically effective amount may also be the amount necessary 
to increase Na"/K+ ATPase gene expression (e.g. increases in 
messenger ribonucleic acid (mRNA) corresponding to a 
sodium pump gene, which mRNAs are transcribed into 
polypeptides or proteins that form the sodium pump), or to 
decrease Na+/K+ ATPase degradation or recycling in particu 
lar cells or tissues affected by endogenous factors, particu 
larly vascular endothelial cells, red blood cells, leucocytes, 
lymphocytes, renal cells, cardiac cells, neural cells, tropho 
blasts, syncytiotrophoblasts, other placental cells and fetal 
cells. 

Parameters that may be evaluated for or that may indicate 
therapeutic ef?cacy of a digoxin antibody composition may 
include, without limitation: GCI-S or GCI-I; systolic or dias 
tolic blood pressure, or mean arterial pres sure; urinary output, 
urinary protein levels (proteinuria) or creatinine clearance; 
middle cerebral artery (fetal or maternal) or umbilical artery 
or umbilical venous ?ow, S/D ratio or RI; serum creatinine, 
LDH, liver enzymes, bilirubin or BUN levels; platelet count 
or hemolysis; fetal development (estimated weight for gesta 
tional age and maternal abdominal circumference for gesta 
tional age) or fetal biophysical pro?le score; peripheral 
edema, pulmonary edema, cerebral edema and cerebral hem 
orrhage (including fetal periventricular and intraventricular 
hemorrhage); scotomata, double or blurred vision, amarou 
sis, cortical blindness, retinal detachment; and neurological 
function and/or neurological responsiveness, consciousness, 
mental status or neurological disturbances (e.g., seizure, 
hyper re?exia, central nervous system irritability, clonus). 

In all methods of the invention, therapeutically effective 
digoxin antibody compositions may be readily determined by 
one of ordinary skill in the art by monitoring the patient for 
signs of absence, stabilization, amelioration, reduction, inhi 
bition, or improvement in one or more indications, symptoms 
or complications of PIH or IUGR (e.g., the parameters 
described in the preceding paragraph), and correspondingly 
maintaining, increasing or decreasing the amount of digoxin 
antibody and/or frequency or manner of administration, as 
determined by clinical judgment. 
The composition of the digoxin antibody administered to 

achieve the desired therapeutic effect may depend upon a 
number of factors, for example, the mode of administration, 
the recipient’s physical condition (including presence of any 
disease, symptom or syndrome), gestational age or the antici 
pated duration of antibody treatment, the existence of predis 
posing factors for any disease, symptom or syndrome (par 


























